The diagnostic accuracy of cross-sectional imaging for detecting acute scaphoid fractures in children: a systematic review by Offiah, A.C. & Burke, D.
This is a repository copy of The diagnostic accuracy of cross-sectional imaging for 
detecting acute scaphoid fractures in children: a systematic review.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/127642/
Version: Accepted Version
Article:
Offiah, A.C. orcid.org/0000-0001-8991-5036 and Burke, D. (2018) The diagnostic accuracy
of cross-sectional imaging for detecting acute scaphoid fractures in children: a systematic 
review. British Journal of Radiology. ISSN 0007-1285 
https://doi.org/10.1259/bjr.20170883
© 2018 The Authors. This is an author produced version of a paper subsequently 
published in British Journal of Radiology. Uploaded in accordance with the publisher's 
self-archiving policy.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
Title: The Diagnostic Accuracy of Cross-Sectional Imaging for Detecting Acute Scaphoid Fractures in 
Children: A Systematic Review 
 
Running Title: Imaging Suspected Scaphoid Fracture in Children: A Systematic Review 
 
Type of Article: Systematic Review 
  
Abstract 
Objectives 
To determine the diagnostic accuracy of cross-sectional imaging for the diagnosis of acute scaphoid 
fractures in children. 
Methods  
A systematic review of Medline, Embase and Cochrane databases between 1980 and July 2017 was 
independently performed by two observers. Criteria for study inclusion in a meta-analysis and 
assessment of the quality of such studies using the QADAS tool, were predetermined.  
Results 
No studies were eligible for inclusion in a meta-analysis. Three studies (of low quality when assessed 
against the STARD guidelines for reporting of studies of diagnostic accuracy) assessed MRI (performed 
between Days 2 and 10 after acute injury) for the diagnosis of scaphoid fractures in a total of 119 
children (age range 6 to 16 years). Study 1 (45 children) reported inter-observer reliability of 
radiographs and MRI of 0.53 and 0.95 respectively. Study 3 (18 children) reported a negative 
predictive value of MRI (even as early as Day 2), of 100%. No measure of diagnostic accuracy or 
observer reliability was reported in Study 2 (56 children). In all 3 studies, MRI identified more 
scaphoid fractures (and other carpal injuries) than radiographs. Study 3 showed that follow-up MRI 
between Days 38 and 45 added no new information compared to initial MRI. 
Conclusion 
Based on a systematic review of the literature, there is currently no evidence on which to suggest an 
imaging protocol for suspected scaphoid fracture in children. Until such evidence is available, existing 
guidelines (which are based on expert opinion from adult studies) should be followed. 
 
 
 
 
Advances in Knowledge 
1. There is low quality evidence regarding the diagnostic accuracy of cross-sectional imaging for 
suspected scaphoid fractures in children and no evidence on which to propose an optimal 
imaging strategy 
2. Until such evidence is available, current guidelines (based predominantly on findings in adults 
and expert opinion) should be followed 
 
 
  
Introduction 
The scaphoid plays an important role in the proper mechanics of wrist function.1 The reported annual 
UK incidence of scaphoid fractures in children is 11 to 15 per 100,000, commoner in boys than girls2,3 
and accounting for 0.34% of all and 0.45% of upper limb fractures.4 Historically fractures have most 
frequently involved the distal pole in children, however, increasing body mass index and earlier and 
more intense sporting activities are resulting in patterns of scaphoid fracture in children mirroring 
those in adults i.e. occurring more proximally and worsening the prognosis.2,3,5,6  
Currently, when scaphoid fractures are clinically suspected, conventional radiography (CR) is the first 
line investigation; AP and lateral wrist radiographs are standard. Additional views (the so called, 
 “ƐĐĂƉŚŽŝĚƐĞƌŝĞƐ ? ? vary between institutions, but may include up to 4 projections with x-ray tube 
angulation utilised to elongate and improve visualisation of the scaphoid.7,8 Because of the low rate of 
true fractures, many patients receive a cast unnecessarily, and authors of one adult study recently 
calculated the costs involved in treating suspected scaphoid fractures to be greater than those of 
MRI.9 The American College of Radiology (ACR), the Guidelines in Emergency Medicine Network 
(GEMNet) and the Royal College of Radiology (RCR), do not have specific paediatric guidelines, but 
may be summarised as recommending initial radiographs followed by radiographs, unenhanced 
magnetic resonance imaging (MRI) or unenhanced computed tomography (CT) for follow-up imaging 
if a fracture continues to be suspected.10-12 The National Institute for Health and Care Excellence 
(NICE) also does not have specific paediatric guidelines but (in contrast to the ACR, GEMNet and RCR) 
recommends MRI as the first line investigation following a  “thorough ? clinical examination.13  
Concerned with poor results of a local audit indicating extensive patient follow-up and imaging, we 
conducted a systematic review to ascertain the most appropriate protocol for diagnosis of acute 
scaphoid fractures in children.    
Materials and Methods 
Review Question:  “What is the diagnostic accuracy of cross-sectional imaging for the diagnosis of 
ĂĐƵƚĞƐĐĂƉŚŽŝĚĨƌĂĐƚƵƌĞƐŝŶĐŚŝůĚƌĞŶ ? ? 
Search Strategy: Using [MeSH] terms and limiting to Date 1980 to July 2017 and Language English), 
titles and abstracts were searched as follows: 
Search 1: EMBASE Limiting to Human Age Groups Child unspecified age or Preschool Child 1 to 6 years 
or School Child 7 to 12 years or Adolescent 13 to 17 years, (Scaphoid bone OR scaphoid fracture AND 
Ultrasound OR X-ray OR Radiodiagnosis OR Nuclear Magnetic Resonance Imaging OR Computer 
Assisted Tomography) 
Search 2:  Medline Limiting to Age Groups Child, preschool or Child or Adolescent or Young adult (Carpal 
bones OR Scaphoid bone AND Fractures, bone OR Ultrasound OR X-rays OR Magnetic resonance 
imaging OR Radiography OR Tomography, x-ray computed) 
The Cochrane database (all years) was also searched: 
Search 3: (Scaphoid [Title, Abstract, Keywords] AND Child [All Text]) 
Search 4: (Scaphoid [Title, Abstract, Keywords] AND Diagnosis [All Text]) 
The following inclusion criteria were predetermined; 1) A clinical study of diagnostic accuracy that 
included CT and/or ultrasound and/or MRI to allow diagnosis of acute scaphoid fracture based on 
observer visualisation of abnormality, 2) The study used a clearly defined reference standard, 3) The 
full text paper was published in English, 4) If the study included adults, then results for children below 
16 years of age were presented separately, 5) there was sufficient data to construct a 2x2 
contingency table (or 2x2x2 if 2 or 3 modalities were compared).  
The two study authors independently performed the searches and extracted and evaluated abstracts 
and full text articles. Results were then compared, pooled and agreed in consensus.  
The quality of included articles to be agreed by consensus, using the Quality Assessment tool for 
Diagnostic Accuracy Studies (QUADAS-2).14,15  
Any papers specific to paediatrics but not eligible for inclusion in a systematic review and meta-
analysis to be summarised and assessed against the STAndards for the Reporting of Diagnostic 
accuracy studies (STARD)16 criteria to formally document reasons for their ineligibility for inclusion in a 
meta-analysis. 
The study did not require Research Ethics Committee approval. 
 
Statistical Analysis 
SPSS V21 for Mac was used to summarise descriptive statistics.  
 
Results 
Of the 457 identified articles, 51 were duplicated and 384 eliminated based on either their title or 
abstract, so that 22 full text articles were retrieved. A hand search of their references yielded 1 
additional paper; therefore, a total of 23 full text articles were reviewed.6,17-38 Of these 23 articles, 
none fulfilled our inclusion criteria for a meta-analysis. Figure 1 is a flow diagram summarising the 
results of the search strategy. The 23 eliminated articles and the reasons for their elimination are 
summarised in Table 1.  
Of the 23 ineligible papers, 3 were specific to paediatrics.38-40 The findings of these papers and their 
compliance with the STARD checklist16 are summarised in Tables 2 and 3 respectively.  
 
Discussion 
A systematic review of the literature identified no papers allowing the recommendation of an imaging 
strategy for scaphoid fractures in children. This is a significant evidence gap because the most 
frequent wrist fracture mechanism is a fall onto the outstretched hand4,41,42 and the scaphoid is the 
commonest of the carpal bones to fracture following such a fall.41,43  
A recent meta-analysis concluded that anatomical snuffbox (ASB) tenderness was the most sensitive 
clinical test (albeit with a specificity of only 3%) and that the low specificity of clinical tests potentially 
results in significant overtreatment.6 Some researchers have attempted to develop clinical decision 
rules or scoring systems,44,45 however these studies relate to adults and their applicability to children 
is uncertain. Clinical findings shown to be significant predictors of scaphoid fracture in children 
include volar tenderness, pain with radial deviation of the wrist and pain with active range of 
motion,46 however scaphoid fractures are identified in only 6.7%-11.5% of children in whom they are 
initially suspected on clinical grounds.2,3  
Typical first line imaging in this context is the scaphoid series, the radiation dose of which is about 
 ?ʅ^ǀ ? ?Ěays of background radiation).47 The fracture may appear as a break in the cortex, a 
radiolucent line or frank displacement of fragments. The false negative rate of initial radiographs in 
children is 12.5%-37%.4,43,48 Misdiagnosis is high compared to adults because scaphoid fractures are 
less common and the immature skeleton is harder to interpret.49,50 For these reasons, if clinical 
suspicion remains, the general policy is to place the wrist in a cast and repeat radiographs after 7 to 
14 days, by which time it is hoped that sclerosis from healing will render the fracture more 
prominent.47,51 However, sensitivity, negative predictive value and observer reliability of delayed 
radiographs is also low.52 The situation is further complicated by anecdotal evidence (discussion with 
colleagues at other national and international centres) that scaphoid series and imaging protocols 
vary from centre to centre and indeed not all centres have a protocol in place for imaging suspected 
scaphoid fractures in children. 
Magnetic resonance imaging (MRI) does not expose the child to ionising radiation, and sedation may 
not always be required. Asesssment of MRI protocols was outside the scope of this review, however 
one recommended protocol includes coronal T1 and STIR with diagnostic features being high signal 
on STIR from bruising/haemorrhage and a low signal fracture line on T1.53 Many authors perceive MRI 
to be ƚŚĞ “ŐŽůĚƐƚĂŶĚĂƌĚ ? ?ŚŽǁĞǀĞƌĂĐƵƚĞDZ/ƐĞƌǀŝĐĞƐŚĂǀĞƐŝŐnificant infrastructural and 
organisational issues to overcome51 and the use of MRI as the first line investigation of suspected 
scaphoid fractures (as recommended by NICE13) may not be a short or even medium-term option for 
many centres. It has been suggested that a short MRI protocol (with a low field strength magnet) 
following radiography for initial evaluation of adult patients with acute wrist trauma does not identify 
those patients who can be discharged without further follow-up.54 Therefore, irrespective of scanner 
availability, the clinical and cost effectiveness of MRI in the management of scaphoid fractures in 
children needs to be assessed.  
Computed tomography (CT) is widely available, of moderate cost and can be used in the acute setting. 
Image reconstruction at sub-mm thickness is possible and the acute fracture appears as a cortical 
disruption52, however specificity is said to be reduced due to the resemblance between normal 
intertrabecular channels and fracture lines.55-57 TŚĞƌĂĚŝĂƚŝŽŶĚŽƐĞŝƐ ? ?ʅ^ǀ ? ?ǁĞĞŬof background).58 
We did not find any studies comparing CT to radiographs for the diagnosis of scaphoid fractures in 
children. 
Like MRI, ultrasound does not use ionising radiation. Ultrasound is widely available and relatively 
cheap; however, it is user-dependent. Currently there is no evidence to support its use and diagnostic 
accuracy and cost effectiveness of ultrasound would have to be prospectively assessed before this 
could be recommended as a routine first or second line investigation in children. 
Nuclear medicine (NM) scanning involves radioisotope being taken up (4-6 hours after intravenous 
injection) by active osteoblasts during fracture healing; to return positive results, scans should not be 
performed until 1 to 3 days following trauma.59,60 Therefore, although NM has 100% sensitivity, this 
delay, the high radiation dose of up to  ? ? ? ?ʅ^ǀ ? ?ǇĞĂƌƐ of background)53 and expense61 render NM 
an unattractive option. tĞĚŝĚŶŽƚŝŶĐůƵĚĞƚŚĞƚĞƌŵ “ŶƵĐůĞĂƌŵĞĚŝĐŝŶĞ ?ŝŶŽƵƌ search for these 
reasons and because we were concerned with cross-sectional methods that could potentially be 
employed on the day of initial presentation. 
The American College of Radiology (ACR), the Guidelines in Emergency Medicine Network (GEMNet) 
and the Royal College of Radiology (RCR) all recommend initial radiographs. If negative but clinical 
suspicion is high, then the patient receives a cast. In this scenario, the ACR recommends Day 10-14 
MRI, scaphoid series or unenhanced CT.10-12 The GEMNet and RCR also suggest cross-sectional 
imaging for follow-up without specifying the timing. None of the guidelines are specifically for 
children; the title of the GEMNet suggests it is for adults, but within the text it is stated that the 
guidelines are for anyone aged over 8 years (however there is only one sentence referring to children 
in the entire 32-page document).   
Three studies38-40 were specific to children, but either did not include an external reference standard 
for the confirmation of scaphoid fracture or were not explicit as to the nature of the reference 
standard. All three scored poorly against the STARD checklist (it should be mentioned that two of the 
papers38, 39 predate the 2003 publication of the initial STARD tool). However, had they complied with 
the STARD guidelines, they would also have been eligible for inclusion in a meta-analysis, 
underscoring the importance of adequate reporting of studies of diagnostic accuracy. 
Although not explicitly stated, it would seem that Cook et al used serial radiographs as their reference 
standard.40 If this is the case, then based on the data the authors present, both the sensitivity and 
specificity of MRI are 100%. This should be interpreted with caution, not only because of the small 
study population  ? ? ?ƉĂƚŝĞŶƚƐ ? ?ďƵƚĂůƐŽďĞĐĂƵƐĞŝƚŝƐŶ ?ƚĐůĞĂƌĞǆĂĐƚůǇŚŽǁŵĂŶǇƌĂĚŝŽŐƌĂƉŚƐĞĂĐŚĐŚŝůĚ
had and over what period of time (maximum follow-up was 1 year), neither is it clear what the end-
point was that determined the follow-up period for each child. The lack of a reference standard was 
highlighted by Kavanaki et al in their discussion.38 The very test that they (and Johnson et al39) were 
assessing, is also what they took as their reference standard.   
We accept that the design of a robust prospective study to address the research question may be 
difficult and suggest that a suitable reference standard for such a study might be Day 10 to 14 MRI (to 
ensure some resolution of potentially confounding oedema on early scans and using a  “ůŽŶŐ protocol ? 
MRI) against which earlier (Day 1) imaging, other modalities and/or  “short protocol ? MRI can be 
assessed. Another option for such a prospective study might be to employ alternative methods of 
data analysis, developed for medical tests for which there are no reference/gold standards.62  
Conclusion 
This systematic review identified no studies that allow the recommendation of an evidence-based 
diagnostic imaging pathway for children with suspected scaphoid fracture. Optional pathways based 
on existing ACR,10 GEMNet,11 RCR12 and NICE13 guidelines are summarised in Figure 2. Until evidence-
based results are available, it is left to the ƌĞĂĚĞƌ ?Ɛ discretion to follow the guideline that is most 
compatible with their local practice, facilities and expertise.  
 
 
 
 
  
References 
1. Sendher R, Ladd AL The scaphoid Orthop Clin N Am 2013;44:1558-1373 
2. Tan YW, Maffulli N Carpal scaphoid fracture in the skeletally immature: a single centre one-year 
prospective study Acta Orthop Belgica 2009;75:616-622 
3. Ahmed I, Ashton F, Tay WK, Porter D The pediatric fracture of the scaphoid in patients aged 13 years and 
under: An epidemiological study J Pediatr Orthop 2014;34:15-154 
4. Christodoulou AG, Colton CL Scaphoid fractures in children J Pediatr Orthop 1986;6:37-39 
5. Gholson JJ, Bae DS, Zurakowski D, Waters PM Scaphoid fractures in children and adolescents: 
contemporary injury patterns and factors influencing time to union J Bone Joint Surg (Am) 2011;93:1210-
1219 
6. Mallee WH, Henny EP, van Dijk CN, Kamminga SP, van Enst WA, Kloen P Clinical diagnostic evaluation for 
scaphoid fractures: A systematic review and meta-analysis J Hand Surg Am 2014;39:1683-1691 
7. Brown SE, Hughes PM, Suresh P Imaging of the scaphoid RAD Magazine 37:21-22 
http://www.radmagazine.co.uk/ScientificPDFs/May%202011%20-
%20Imaging%20of%20the%20scaphoid%20%20-%20Drs%20Brown,%20Hughes%20and%20Suresh.pdf 
Accessed December 2017 
8. Scaphoid radiography 
http://www.wikiradiography.net/page/Scaphoid+Radiography  
Accessed July 2017  
9. Burns MJ, Aitken SA, McRae D, Duckworth AD, Gray A The suspected scaphoid injury: resource implications 
in the absence of magnetic resonance imaging Scott Med J 2013;58:143-148 
10. American College of Radiology, Appropriateness Criteria Acute Hand and Wrist Trauma 
https://acsearch.acr.org/docs/69418/Narrative/  
         Accessed December 2017 
11. Guidelines in Emergency Medicine Network (GeMNet) Guideline for the management of suspected scaphoid 
fractures in the Emergency Department (September 2013) 
12. Royal College of Radiologists, Making The Best Use Of Clinical Radiology Services: Referral Guidelines 7th 
Ed 2011, London: Royal College of Radiologists 
13. Fractures (non-complex): assessment and management National Institute for Health and Care Excellence 
(NICE) Guideline 
https://www.nice.org.uk/guidance/ng38/resources/fractures-noncomplex-assessment-and-management-
1837399081669  
Accessed December 2017   
14. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB et al QUADAS-2 Group QUADAS-2: a 
revised tool for the quality assessment of diagnostic accuracy studies Ann Intern Med 2011;155:529-536 
15. Template QUADAS tool  W word document 
Template QUADAS 2 tool.doc - KCE Process Book 
Accessed December 2017  
16. Bossuyt PM, Reitsma JB, Bruns DE et al STARD 2015: An updated list of essential items for reporting 
diagnostic accuracy studies BMJ 2015;351:h5527  
         http://www.stard-statement.org  
         Accessed December 2017 
17. Ring D, Lozano-Calderon S Imaging for suspected scaphoid fracture J Hand Surg Am 2008;33:954-957 
18. Bedford AF, Glasgow MM, Wilson JN Ultrasonic assessment of fractures and its use in the diagnosis of a 
suspected scaphoid fracture Injury 1982;14:180-182 
19. DaCruz DJ, Taylor RH, Savage B, Bodiwala GG Ultrasound assessment of the suspected scaphoid fracture 
Arch Emerg Med 1988;5:97-100 
20. Christiansen TG, Rude C, Lauridsen KK, Christensen OM Diagnostic value of ultrasound in scaphoid fractures 
Injury 1991;22:397-399 
21. Tibrewal S, Jayakumar P, Vaidya S, Ang SC Role of MRI in the diagnosis and management of patients with 
clinical scaphoid fracture Internat Orthop 2012;36:107-110 
22. Herneth AM, Slegmeth A, Bader TR, Ba-Salamah A, Lechner G, Metz VM et al Scaphoid fractures: 
Evaluation with high-spatial-resolution US  W initial results Radiology 2001;220:231-235 
23. Hauger O, Bonnefoy O, Moindard M, Bersani D, Diard F Occult fractures of the waist of the scaphoid: Early 
diagnosis by high-spatial resolution sonography AJR Am J Roentgenol 2002;178:1239-1245 
24. Senall JA, Failla JM, Bouffard JA, van Holsbeeck M Ultrasound for the early diagnosis of clinically suspected 
scaphoid fracture J Hand Surg 2004;29A:440-405 
25. Nguyen Q, Chauddry S, Sloan R, Bhoora I, Willard C The clinical scaphoid fracture: early computed 
tomography as a practical approach Ann R Coll Surg Engl 2008;90:488-491 
26. Welling RD, Jacobson JA, Jamadar DA, Chong S, Caoili EM, Jebson PJL MDCT and radiography of wrist 
fractures: Radiographic sensitivity and fracture patterns AJR Am J Roentgenol 2008;190:10-16 
27. Balci A, Basara I, Cekdemir EY, Tetik F, Aktas G, Acarer A et al Wrist fractures: sensitivity of radiography, 
prevalence, and patterns in MDCT Emerg Radiol 2015;22:251-256 
28. de Zwart AD, Beeres FJP, Rhemrev SJ, Bartlema K, Schipper IB Comparision of MRI, CT and bone 
scintigraphy for suspected scaphoid fractures Eur J Trauma Emerg Med 2016;42:725-731 
29. Fusetti C, Poletti PA, Pradel PH, Garavaglia G, Platon A, Della Santa DR Diagnosis of occult scaphoid 
fractures with high-resolution spatial-resolution sonography: a prospective blind study J Trauma 
2005;59:677-681 
30. Nakamura R, Imaeda T, Horii E, Miura T, Hayakawa N Analysis of scaphoid fracture displacement by three-
dimensional computed tomography J Hand Surg Am 1991;16:485-492 
31. You JS, Chung SP, Chung HS, Park IC, Lee HS, Kim SH The usefulness of CT for patients with carpal bone 
fractures in the emergency department Emerg Med J 2007;24:248-250 
32. Jenkins PJ, Slade K, Huntley JS, Robinson CM A comparative analysis of the accuracy, diagnostic 
uncertainty and cost of imaging modalities in suspected scaphoid fractures Injury Int J Care Injured 
2008;39:768-774 
33. Ilica AT, Ozyurek S, Kose O, Durusu M Diagnostic accuracy of multidetector computed tomography for 
patients with suspected scaphoid fractures and negative radiographic examinations Jpn J Radiol 
2011;29:98-103 
34. de Zwart AD, Beeres FJP, Kingma LM, Otoide M, Schipper IB, Rhemrev SJ Interobserver variability among 
radiologists for diagnosis of scaphoid fractures by computed tomography J Hand Surg 2012;37A:2252-
2256 
35. Yin Z-G, Zhang J-B Diagnosing suspected scaphoid fractures: A systematic review and meta-analysis Clin 
Orthop Relat Res 2010;468:723-734 
36. Yin Z-G, Zhang J-B, Kan S-L, Wang X-G Diagnostic accuracy of imaging modalities for suspected scaphoid 
fractures: Meta-analysis combined with latent class analysis J Bone Joint Surg Br 2012;94B:1077-1085 
37. Mallee WH, Wang J, Poolman RW, Kloen P, Maas M, de Vet HCW et al Computed tomography versus 
magnetic resonance imaging versus bone scintigraphy for clinically suspected scaphoid fractures in 
patients with negative plain radiographs Cochrane Database Syst Rev 2015 Jun5;6:CD010023. doi: 
10.1002/14651858.CD010023.pub2 
38. Kanavaki A, Draenert C, Ceroni D, Hanquinet S Short MRI protocol for excluding traumatic lesions of the 
scaphoid bone in children In Vivo 2016;30:495-500 
39. Johnson KJ, Haigh SF, Symonds KE MRI in the management of scaphoid fractures in skeletally immature 
patients Pediatr Radiol 2000;30:685-688 
40. Cook PA, Yu JS, Wiand W, Cook AJ 2nd, Coleman CR, Cook AJ Suspected scaphoid fractures in skeletally 
immature patients: application of MRI J Comput Assist Tomogr 1997;21:511-515Wulff RN, Schmidt TL 
Carpal fractures in children H Pediatr Orthop 1998;18:462-465 
41. Toh S, Miura H, Arai K, Yasumura M, Wada M, Tsubo K Scaphoid fractures in children: problems and 
treatment J Pediatr Orthop 2003;23:216-221 
42. Hey AW, Chong AK, Murphy D Prevalence of carpal fracture in Singapore J Hand Surg 2011;36:278-283 
43. Rhemrev SJ, Beeres FJP, van Leerdam RH, Hogervorst M, Ring D Clinical prediction rule for suspected 
scaphoid fractures. A prospective cohort study Int J Care Injured 2010;41:1026-1030 
44. Bergh TH, Lindau T, Soldal LA, Bernardshaw SV, Behzadi M, Steen K et al Clinical scaphoid score (CSS) to 
identify scaphoid fracture with MRI in patients with normal x-ray after a wrist trauma Emerg Med J 
2014;31:659-664 
45. Evenski AJ, Adamczyk MJ, Steiner RP, Morscher MA, Riley PM Clinically suspected scaphoid fractures in 
children J Pediatr Orthop 2009;29:352-355 
46. Radiation Exposure The Bone School http://www.boneschool.com/imaging/xray/radiation-exposure   
         Accessed December 2017 
47. Nafie SA Fractures of the carpal bones in children J Pediatr Orthop 1987;18:117-119 
48.  ?ƌŝĞŶǌŽD^ĐĂƉŚŽŝĚĨƌĂĐƚƵƌĞƐŝŶĐŚŝůĚƌĞŶ:,ĂŶĚƵ^ƌŐƌ ? ? ? ? ? ? ? ? ? ? ?-426 
49. Elhassan BT, Shin AY Scaphoid fractures in children Hand Clin 2006;22:31-41 
50. Rhemrev SJ, Ootes D, Beeres FJP, Meylaerts AG, Schipper IB Current methods of diagnosis and treatment of 
scaphoid fractures Int J Emerg Med 2011;4:4 
51. Low G, Raby N Can follow-up radiography for acute scaphoid fracture still be considered a valid 
investigation? Clin Radiol 2005;60:1106-1110 
52. Geijer M Diagnosis of scaphoid fracture: optimal imaging techniques Reports Med Imaging 2013;6:57-69 
53. Nikken JJ, Oei EHG, Ginai AZ, Krestin GP, Verhaar JAN, van Bugt AB et al Acute wrist trauma: Value of a short 
dedicated extremity MR imaging examination in prediction of need for treatment Radiol 2005;234:116-124 
54. Breederveld RS, Tuinebreijer WE Investigation of computed tomography scan concurrent criterion validity 
in doubtful scaphoid fractures of the wrist J Trauma 2004;57:851-854 
55. Memarsadeghi M, Breitenseher MH, Schefer-Prokop C, Weber M, Aldrian S, Gabler C et al Occult scaphoid 
fractures: comparison of multidetector CT and MR imaging  W initial experience Radiol 2006;240:169-176 
56. Ring D, Lozano-Calderon S Imaging for suspected scaphoid fracture J Hand Surg Am 2008;33:954-957 
57. Biswas D, Bible JE, Bohan M, Simpson AK, Whang PG, Grauer JN Radiation exposure from musculoskeletal 
computerized tomographic scans J Bone Joint Surg Am 2009;9:1882-1889 
58. McDougall IR, Riesser RP Scintigraphic techniques in musculoskeletal trauma Radiol Clin North Am 
1982;27:1003-1011 
59. Horger M, Bares R The role of single photon emission computed tomography/computed tomography in 
begnign and malignant bone disease Semin Nucl Med 2006;36:286-294 
60. Fowler C, Sullivan B, Williams A, McCarthy G, Savage R, Palmer A A comparison of bone scintigraphy and 
MRI in the early diagnosis of the occult scaphoid waist fracture Skelet Radiol 1998;27:686-687 
61. Rutjes AWS, Reitsma JB, Coomarssamy A, Khan KS, Bossuyt PMM Evaluation of diagnostic tests when 
there is no gold standard. A review of methods Health Technol Assess 2007;11(50) 
 
 
          
 
 
 
 
          
 
  
Table and Figure Legends 
Figures 
Figure 1:  
Flow diagram showing outcome of systematic review. No eligible studies were found for inclusion in a 
meta-analysis 
 
Figure 2: 
Summary of existing guidelines for imaging of suspected scaphoid fracture  
 
Tables 
Table 1:  
Full text papers retrieved and subsequently excluded from the systematic review and reason(s) for 
their exclusion 
 
Table 2:  
Summary of papers evaluating MRI for the diagnosis of scaphoid fracture in children. 
MRI = magnetic resonance imaging. X-ray = radiograph(s) 
 
Table 3:  
Assessment of papers evaluating MRI for the diagnosis of scaphoid fracture in children against the 
STARD-2 checklist 
  
Table 1: Summary of Excluded Articles 
 
 
 
 
 
 
 
Reference 1st Author/Year of 
Publication 
Reason(s) for Exclusion 
 Ring D/2008 Single case report 
 Bedford AF/1982 The ultrasound diagnosis of fracture depended on the 
ƉĂƚŝĞŶƚƐ ?ƐƵďũĞĐƚŝǀĞƌĞƐƉŽŶƐĞƐƚŽƉĂŝŶĐĂƵƐĞĚďǇƚŚĞ
ultrasonic vibrations rather than visual identification of the 
fracture 
 
Recruited both children and adults; data for children is not 
separately extractable 
 Da Cruz DJ/1988 
 Christiansen 
TG/1991 
 Tibrewal S/2012 Age of recruits is not stated 
 Herneth AM/2001  
Recruited both children and adults; data for children is not 
separately extractable 
 Hauger O/2002 
 Senall JA/2004 
 Nguyen Q/2008 
 Welling RD/2008 
 Balci A/2015 The lower end of the age range for study participants is 17 
years 
 de Zwart AD/2016 The lower end of the age range for study participants is 18 
years 
 Fusetti C/2005  
 
 
Recruited adults only 
 Nakamura R/1991 
 You JS/2007 
 Jenkins PJ/2008 
 Ilica AT/2011 
 de Zwart AD/2012 
6 Mallee WH/2014  
Systematic reviews of studies that include both children 
and adults; data for children is not separately extractable 
 YinZ-G/2010 
 YinZ-G/2012 
 Mallee WH/2015 
 Kanavaki A/2016 No defined reference standard for confirmation of 
scaphoid fracture 
Table 2: Summary of 3 studies evaluating MRI for diagnosis of scaphoid fracture in children 
 
Parameter Kavanaki et al, 2016  
[38] 
Johnson et al, 2000  
[39] 
Cook et al, 1997 
[40] 
Design Retrospective Uncertain  ? Prospective? Prospective 
Sample size 45 children/45 scans 56 children/57 scans 18 children/36 scans 
Age range 
(years) 
8-16 (mean =12.7, SD = 2) 6-11 (mean = 12.5, median 
= 11.6) 
Girls: 10-14 (mean = 12) 
Boys: 8-15 (mean = 11) 
MRI field 
strength 
1.5T 1.5T 1.5T 
MRI protocol Coronal T1, Coronal STIR  Coronal T1, Coronal T2, 
Sagittal STIR 
Coronal T1, Coronal GRE, 
Sagittal T1, Axial PD, Axial T2 
Day of MRI 3-10 2-10 Initial: 2-10 (mean = 6) 
Follow-up: 38-45 (mean = 41) 
MRI in all 
patients 
Yes No Yes (initial and follow-up) 
Inter-observer 
reliability 
(kappa) 
Radiograph = 0.53 
MRI = 0.95 
Not calculated Not calculated 
Diagnostic 
accuracy 
Not calculated 
No reference standard 
Not calculated 
No reference standard 
 
Normal MRI (even at 2 days) 
has a negative predictive 
value of 100% 
MR compared 
to 
radiographic 
findings 
For Reader AN: 
 
Radiograph  
No fracture = 17 
Fracture/equivocal = 28 
 
MRI  
No fracture = 22 
Fracture/equivocal = 23 
 
 
For Reader BN: 
 
Radiograph  
No fracture = 26 
Fracture/equivocal = 19 
 
MRI  
No fracture = 21 
Fracture/equivocal = 24 
MRI was normal in 27 cases 
where radiography was 
normal 
 
MRI detected 17 scaphoid 
and/or carpal fractures 
where radiography was 
normal 
 
MRI was normal in 6 cases 
where radiography was 
equivocal 
 
MRI identified 2 scaphoid 
and 2 other fractures where 
radiography was equivocal 
 
MRI identified 3 scaphoid 
fractures where 
radiography also identified 
scaphoid fracture 
Initial MRI detected 6 
fractures of which 4 had 
normal initial radiographs 
(fractures confirmed on 
subsequent radiographs) 
 
No child with marrow 
oedema but absent fracture 
line on initial MRI progressed 
to radiographic fracture 
 
Obliteration of the scaphoid 
fat stripe was seen on 
radiographs of 11 children, 
only 5 of whom had a 
scaphoid fracture on MRI 
 
Compared to the initial MRI, 
follow-up MRI yielded no 
new information 
 
 
 
 
 
 
Table 3: Assessment of studies evaluating MRI for diagnosis of scaphoid fracture in children 
against STARD 2015 checklist16 
Section & Topic No Item Reported on page # 
Kavanaki et 
al, 2016 [38] 
Johnson et al, 
2000 [39] 
Cook et al, 
1997 
[40] 
TITLE OR 
ABSTRACT 
Section 
& 
Topic 
    
 1 Identification as a study of diagnostic 
accuracy using at least one measure of 
accuracy 
(such as sensitivity, specificity, predictive 
values, or AUC) 
Abstract  
mentions 
NPV*. #495 
No Abstract 
mentions 
NPV. #511 
ABSTRACT      
 2 Structured summary of study design, 
methods, results, and conclusions  
(for specific guidance, see STARD for 
Abstracts) 
Yes. #495 Yes. #685 Yes. #511 
INTRODUCTION      
 3 Scientific and clinical background, 
including the intended use and clinical role 
of the index test 
Yes. #495 It 
seems that 
MRI is the 
index test 
Yes. #685 It 
seems that 
MRI is the 
index test 
Yes. #512 
 4 Study objectives and hypotheses Yes. #495 Yes. #495 Yes. #512 
METHODS      
Study design 5 Whether data collection was planned 
before the index test and reference 
standard  
were performed (prospective study) or 
after (retrospective study) 
Retrospective Not explicitly 
stated  ? 
seems 
prospective 
Prospective. 
#512 
Participants 6 Eligibility criteria  #495 Not explicitly 
stated 
Skeletally 
immature as 
confirmed 
from 
radiographs. 
#512 
 7 On what basis potentially eligible 
participants were identified  
(such as symptoms, results from previous 
tests, inclusion in registry) 
Pain 
ASB/scaphoid 
 
,ĂĚ ?ĞĂƌůǇ ?
MRI (early = 
between 
days 3 and 
10) 
Suspected 
scaphoid 
fracture #686. 
No further 
detail 
Suspected 
scaphoid 
fracture 
(point 
tenderness 
ASB/scaphoid 
or soft tissue 
swelling. 
#512 
 8 Where and when potentially eligible 
participants were identified (setting, 
location and dates) 
Case note 
review of 
those who 
attended ED 
2009-2012 
ED #686. No 
dates 
ED #512 
 9 Whether participants formed a 
consecutive, random or convenience 
series 
Not explicitly 
stated; 
presumed 
consecutive 
Not explicitly 
stated; 
presumed 
consecutive 
Not explicitly 
stated; 
presumed 
consecutive 
Test methods 10a Index test, in sufficient detail to allow 
replication 
Yes. # 496 Yes. # 686 Yes. #512 
 10b Reference standard, in sufficient detail to 
allow replication 
No clear 
reference 
standard (if 
we assume 
that MRI is 
the index 
test) 
No clear 
reference 
standard (if 
we assume 
that MRI is 
the index 
test) 
Partially: 
Serial 
radiographs 
at intervals of 
2-3 weeks 
with last at 1 
year; 
uncertain 
how many in 
total (it is 
doubtful that 
images were 
obtained 
every 2-3 
weeks 
throughout 
the year). 
#512 
 11 Rationale for choosing the reference 
standard (if alternatives exist) 
No No Reference 
standard of 
serial 
radiographs 
not explicitly 
stated  ? 
presumably 
selected as 
standard of 
care 
 12a Definition of and rationale for test 
positivity cut-offs or result categories  
of the index test, distinguishing pre-
specified from exploratory 
No No Yes. #512 
 12b Definition of and rationale for test 
positivity cut-offs or result categories  
of the reference standard, distinguishing 
pre-specified from exploratory 
No No Yes. #512 
 13a Whether clinical information and 
reference standard results were available  
to the performers/readers of the index 
test 
Yes  ? aware 
of age clinical 
suspicion of 
scaphoid 
fracture  
#496 
Yes. #687 Neither 
clinical nor 
radiographic 
information 
available. 
#512 
 13b Whether clinical information and index 
test results were available  
to the assessors of the reference standard 
No clear 
reference 
standard 
(they 
propose an 
MRI protocol 
No clear 
reference 
standard 
(they propose 
an MRI 
protocol but 
Clinical 
information 
but not MRI 
information 
available. 
#512 
but do not 
assess it 
against an 
external 
reference 
standard) 
do not assess 
it against an 
external 
reference 
standard) 
Analysis 14 Methods for estimating or comparing 
measures of diagnostic accuracy 
Not assessed Not assessed NPV.  #511 
 15 How indeterminate index test or reference 
standard results were handled 
Consensus 
#496 
No 
indeterminate 
tests 
No 
 16 How missing data on the index test and 
reference standard were handled 
Not 
discussed 
Not discussed No missing 
data 
 17 Any analyses of variability in diagnostic 
accuracy, distinguishing pre-specified from 
exploratory 
No No No 
 18 Intended sample size and how it was 
determined 
No power 
calculation. 
45 children 
recruited 
No power 
calculation. 
56 children 
recruited 
No power 
calculation. 
18 children 
recruited 
RESULTS      
Participants 19 Flow of participants, using a diagram No No No 
 20 Baseline demographic and clinical 
characteristics of participants 
#496 #686 #512 
 21a Distribution of severity of disease in those 
with the target condition 
N/A  N/A  N/A 
 21b Distribution of alternative diagnoses in 
those without the target condition 
#496 #686 #512, #513 
 22 Time interval and any clinical interventions 
between index test and reference 
standard 
No clear 
reference 
standard 
No clear 
reference 
standard 
#512 
Test results 23 Cross tabulation of the index test results 
(or their distribution)  
by the results of the reference standard 
No No No 
 24 Estimates of diagnostic accuracy and their 
precision (such as 95% confidence 
intervals) 
No No No (NPV of 
MRI 
presented) 
 25 Any adverse events from performing the 
index test or the reference standard 
N/A N/A N/A 
DISCUSSION      
 26 Study limitations, including sources of 
potential bias, statistical uncertainty, and 
generalisability 
Yes. #499 No Brief 
discussion. 
#514 
 27 Implications for practice, including the 
intended use and clinical role of the index 
test 
Yes. #499 Yes. #688 Yes. #514, 
#515 
OTHER 
INFORMATION 
     
 28 Registration number and name of registry No No No 
 29 Where the full study protocol can be 
accessed 
No No No 
 30 Sources of funding and other support; role 
of funders 
No No No 
   
  
 
      
* NPV = negative predictive value 
 
